INTRODUCTION
============

Prostate neoplasm is the most common malignancy affecting men in the World. Several modalities for the treatment of patients with prostate cancer have become well established, including radical prostatectomy, radiation therapy and androgen deprivation therapy. Both radical prostatectomy and external-beam radiation therapy are considered equivalent options in patients with non-metastatic disease, with different risk profiles ([@B1], [@B2]).

The prognostic risk group, based on tumor staging, pre-treatment prostate-specific antigen (PSA) levels and Gleason Score, has been shown to predict survival and treatment outcomes ([@B3]). For patients with low-risk localized disease, the 10-year mortality may be as low as 2%. However, patients with intermediate- and high-risk disease have a worse prognosis, with mortality rates ranging from 12% to 40% ([@B3], [@B4]).

Adjuvant and/or neoadjuvant androgenic suppression has been studied in an attempt to improve outcomes in intermediate- and high-risk non-metastatic prostate cancer ([@B5]). Several randomized controlled trials ([@B5]--[@B8]) and systematic reviews ([@B9], [@B10]) have reported an improved disease-free and overall survival for radiotherapy combined with androgen blockade compared to radiotherapy alone. Combined treatment with androgen deprivation and radiotherapy has also been shown to be superior to hormonal blockade alone ([@B11], [@B12]). The type of hormonal blockade (central, peripheral, or combined) combined to radiation therapy; the timing of treatment (neoadjuvant, adjuvant or both) and duration of deprivation have all varied among trials. While hormonal blockade with gonadotro-pin-releasing hormone (GnRH) agonists has been shown to improve outcomes ([@B9]), peripheral blockade with bicalutamide has not ([@B13]). There is evidence that short-term androgen deprivation may also have some benefit in the neoadjuvant setting, both reducing positive margins in patients treated with radical prostatectomy and improving survival in patients treated with radiation therapy ([@B10]).

Androgen deprivation with gonadotropin--releasing agents is already a standard of care for intermediate and high-risk localized or locally advanced prostate cancer treated with radiation therapy, but the optimal duration of hormonal deprivation is yet to be defined ([@B10]). Establishing a standardized treatment may be important because while hormone deprivation improves survival, it is also associated with AEs like loss of bone density, erectile dysfunction, hot flashes, and increased cardiovascular risk ([@B14], [@B15]). Two large randomized controlled trials ([@B16], [@B17]) have suggested that a longer course of androgen deprivation (2 to 3 years) may improve outcomes in high-risk patients compared to 6-month adjuvant therapy. However, there is no consensus of how much longer the adjuvant treatment should be, with a recent trial suggesting that adjuvant hormonal treatment could be safely reduced from 36 months to 18 months ([@B18]).

Considering the conflicting conclusions of individual trials, we conducted a systematic review with meta-analysis to critically evaluate the existing evidence to support an indication of an optimal strategy for androgen deprivation to combine with external beam radiation therapy in patients with intermediate- or high-risk non-metastatic prostate cancer.

MATERIALS AND METHODS
=====================

A systematic search was performed in electronic databases, including Pubmed/MEDLINE, EMBASE, LILACS, [ClinicalTrials.gov](http://ClinicalTrials.gov), the Cochrane Library, and ASCO meetings abstracts. Two reviewers performed the study selection independently.

Reports of results from prospective randomized clinical trials comparing different durations of androgen blockade were selected for the meta--analysis. Both adjuvant and neoadjuvant hormone deprivation studies were included. There was no restriction as for the radiation dose delivered in each study. Both conventional and conformal radiation therapy were allowed. Studies evaluating only radiotherapy plus hormonal blockade versus radiotherapy alone were excluded, even if subgroup analysis data comparing different androgen deprivation durations has been published. Trials comparing hormonal blockade alone versus radiation therapy (with or without associated androgen deprivation) were also excluded.

The shorter duration of hormonal therapy in each trial was considered its control arm, regardless of what arm was considered control in the original report. The longer duration arm was considered the experimental arm. Differences among the study designs were critically evaluated and used for sensitivity analysis.

Data extraction was performed independently by two reviewers. Disagreements were resolved by discussion and consensus. Overall survival (OS), disease-free survival (DFS), disease-specific survival (DSS), and toxicity were the outcomes of interest. The reported hazard ratios (HR) were used as a measure of survival benefit. For the articles in which the HR was not reported, we calculated estimates by transcription of the survival curves presented as figures in original articles and calculation with a spreadsheet developed by Tierney et al. ([@B19]).

All studies selected were evaluated by the authors for characteristics linked to potential bias. Information about randomization, blinding, allocation concealment, drop-outs, intention-to-treat (ITT) analysis, and funding source was especially evaluated. Eligibility criteria for the studies were also assessed for differences in patient populations among the trials.

Meta-analyses were conducted with RevMan 5.0 software (Cochrane Collaboration\'s Information Management System). Analyses of data consisted of the HR for time-to-event outcomes, considering a random effect model. The 95% con-fidence intervals (CI) were calculated and presented in forest plots. The diamond at the bottom of the plot summarizes the best estimate results (with the width representing its corresponding 95% CI).

Statistical heterogeneity was evaluated with the chi-square test, and expressed using the I^2^ index ([@B20]). If significant heterogeneity (I^2^ index \>50%) was identified, a possible explanation was investigated. Differences in eligibility criteria, patient population, and treatment delivered were assessed and discussed.

RESULTS
=======

From 127 potential studies identified through the search in databases, 11 articles met the inclusion criteria. Of these, five were excluded for duplication, retrospective results or lack of results. Therefore, six studies were selected for the meta-analysis. The data extraction process is represented in [Figure-1](#f1){ref-type="fig"}.
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All six studies were centrally randomized. All but one ([@B21]) clearly reported pre-established sample size calculation, with alpha and beta errors defined. All studies performed an ITT analysis. Therefore, the risk of biases in these trials was considered low.

One trial performed conventional external beam radiation therapy, while all the others used 3D conformal radiation. None of them used intensity-modulated radiation. Radiation doses varied slightly between trials, ranging from 65 Gy to 70 Gy.

Four studies recruited patients with both intermediate- and high-risk non-metastatic prostate cancer; one study also recruited low-risk patients; and one recruited only high-risk prostate cancer patients. Two studies recruited patients in the neoadjuvant setting, while four trials were performed only in the adjuvant indication. All trials evaluated androgen deprivation with LHRH analogues. The EORTC 22961 (Bolla et al.) performed androgen deprivation with triptorelin, while all other trials used goserelin.

Hormone suppression duration was highly variable among the trials, both in the control and experimental arms. For that reason, we clas-sified the trials in three subgroups, according to the duration of blockade. Two studies compared a short-term blockade of less than 12 months with a long-term blockade of more than 12 months \--these studies were classified as the Long vs. Short blockade subgroups. In two studies, both arms had duration of less than 12 months (subgroup Short vs. Shorter), while one study had both arms longer than 12 months blockade (subgroup Longer vs. Long). Study characteristics are detailed in [Table-1](#t1){ref-type="table"}.

###### Study Characteristics.

  Author      Year   Number-Short Arm   Number-Long Arm   Hormone Blockade   Short Arm (months)   Long Arm (months)   Timing        Risk Categories Included     Radiation Dose (Gy)
  ----------- ------ ------------------ ----------------- ------------------ -------------------- ------------------- ------------- ---------------------------- ---------------------
  Horwitz     2008   763                758               Goserelin          4                    24                  Adjuvant      Intermediate and High        65-70
  Bolla       2009   483                487               Triptorelin        6                    36                  Adjuvant      Intermediate and High        70
  Crook       2009   194                184               Goserelin          3                    8                   Neoadjuvant   Low, Intermediate and High   66
  Denham      2011   270                272               Goserelin          3                    6                   Adjuvant      Intermediate and High        66
  Armstrong   2011   137                139               Triptorelin        4                    8                   Neoadjuvant   Intermediate and High        Variable
  Nabid       2013   320                310               Goserelin          18                   36                  Adjuvant      High                         70

Two studies ([@B21], [@B22]) reported DFS data separately for intermediate- and high-risk disease. Pooled data from these two studies, stratified by risk group, is described below. No study separately reported overall survival results for each risk strata.

Overall Survival
----------------

Five studies reported data on OS ([@B16], [@B17], [@B22], [@B23]). Only two trials presented statistically significant results favoring a longer androgen blockade. However, in our pooled analysis, we observed a significant OS benefit favoring longer blockade duration, with a hazard ratio of 0.84 (95% CI, 0.74 -- 0.96), with low heterogeneity (I^2^ = 23%).

This benefit was not different among the three subgroups analyzed (Long vs. Short, Short vs. Shorter, and Longer vs. Long), with a negative test for subgroup differences (p=0.96). The complete pooled analysis is shown on [Figure-2](#f2){ref-type="fig"}.
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Disease-free and disease-specific survival
------------------------------------------

Five studies reported DFS. The pooled analysis for this endpoint resulted in a statistically significant benefit favoring the longer blockade, with a HR 0.74 (95% CI, 0.62-0.89). However, there was important heterogeneity between trials for this endpoint (I^2^=70%). This heterogeneity was mainly due to a difference in study subgroups, with a positive test for interaction (p=0.002). In the Long vs Short subgroup, there was a statistically significant benefit favoring the extended blockade treatment arm with a HR 0.63 (95% CI, 0.56-0.71) and low heterogeneity within the subgroup (I^2^=11%). In the Short vs. Shorter only a non-significant trend favoring the extended hormone deprivation was observed (HR 0.86; 95% CI, 0.76-1.02), also with low internal heterogeneity (I^2^=2%). It is important to note that the two studies held in the neoadjuvant setting demonstrated no DFS benefit, with a HR 0.96 (95% CI, 0.75-1.24) and no heterogeneity (I^2^=0%). The complete pooled analysis is shown in [Figure-3](#f3){ref-type="fig"}.
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A subgroup analysis by risk stratification was performed using data from the two studies that reported DFS results separately for intermediate- and high-risk disease. Pooled data from these two studies shows a non-significant bene-fit for high-risk prostate cancer patients (HR 0.8; 95% CI 0.56-1.15), with no heterogeneity between trials (I^2^=0%). For intermediate-risk neoplasms, pooled data from these two studies also showed a non-significant trend favoring the longer blockade (HR 0.74; 95% CI 0.36-1.55). For this subgroup of patients, however, heterogeneity between these two trials' results was high (I^2^=73%). No obvious reasons were found to clearly justify this high heterogeneity between trials.

Disease-specific survival (DSS) was also reported in four trials ([@B16]--[@B18], [@B23]). Pooled data from these have shown a statistically significant benefit for the longer hormone deprivation with a HR 0.73 (95% CI, 0.62-0.85). Heterogeneity between trials for DSS was low (I^2^=8%). Results for this endpoint are detailed in [Figure-4](#f4){ref-type="fig"}.
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Toxicity
--------

Four studies reported information on toxicity ([@B16], [@B17], [@B22], [@B23]). None of them reported systematically the number of occurrences for each AE. Therefore, a pooled analysis was not possible. Also, authors of different studies reported the observed AEs in different ways. Hot flashes and diarrhea were the most frequently reported events. Data regarding cardiovascular events was reported in the RTOG 92.02 and EORTC 22961 trials, and neither found a statistically significant difference in cardiac events.

DISCUSSION
==========

Despite the marked differences in andro-gen blockade duration evaluated in the trials, our pooled analysis showed an OS benefit for longer androgen deprivation. Such benefit was consistent between study subgroups. When considering DFS, however, the benefit observed in the pooled analysis was mostly due to the studies in the Long vs Short subgroup, while the Short vs. Shorter subgroup demonstrated only a non-significant trend toward an advantage. The unique study that compared two arms with longer-than-one-year hormone deprivation did not show any statistically significant difference in OS or DSS survival. However, with a HR 0.87 for OS favoring the longer blockade, its results were consistent with the other studies, and contributed to a statistically significant benefit in the pooled analysis. Also, the trial did not have a non-inferiority design, with no pre-specified boundary for assuming the HR as clinically irrelevant. Therefore, it may not yet be considered safe to reduce the standard treatment duration from 2-3 years to 18 months in current clinical practice. A large, randomized, non-inferiority trial should be performed to test this approach.

The two larger studies ([@B16], [@B17]) demonstrated quite different results with respect to OS. While Bolla and colleagues have reported an important benefit for the longer blockade in terms of OS in the European EORTC 22961 trial, Horwitz and colleagues found no statistically significant difference in the American RTOG 92.02 study. Inclusion criteria, radiation dose, and patient characteristics were similar between the two trials, so there is no obvious explanation for such a discrepancy between their results. One should note that the European trial used a longer androgen deprivation (36 months) than the American study (24 months). Patients with recurrent prostate cancer can have a relatively good overall survival, especially when compared to other recurrent or metastatic neoplasms ([@B24]). Also, prostate cancer patients tend to be elderly and many of them have important comorbidities and competitive risks of death ([@B25]). For these reasons, a benefit in terms of DFS or DSS may not necessarily translate into an OS benefit. When considering the two larger randomized trials, it is important to observe that they are consistent in showing a DFS and DSS benefit, despite their discordant results with regard to OS. In fact, DSS was the endpoint with the most consistent positive results among all trials evaluated.

Regarding comparison between shorter duration of androgen deprivation, two studies, the TROG 96.01 by Denham et al. and the Irish Clinical Oncology Group 97-01 by Armstrong and colleagues, reported OS data from randomized trials. The trials compared two arms with less than 12 months of androgen deprivation each. They demonstrated an important discrepancy in results: Denham and colleagues demonstrated a DFS and OS benefits while Armstrong and colleagues demonstrated no benefit in any endpoint. There were, however, important differences between these trial designs. In the TROG trial, patients received hormone blockade after radiation therapy, while in the Irish trial, hormonal deprivation was performed in the neoadjuvant setting. Though previous trials have shown benefit of hormone blockade prior to radiation therapy versus radiation therapy alone ([@B10]), there is no previous evidence suggesting that a longer neo-adjuvant blockade bears additional benefit. Data from pooled analysis of the studies by Crook and colleagues and Armstrong and colleagues, both performed in the neoadjuvant scene, demonstrated no DFS benefit for the longer androgen deprivation. So, extending hormonal therapy before local control may not be recommended, once long-term therapy can be delivered after prostate irradiation and a longer neoadjuvant therapy could delay local control ([@B26]).

The unique study that included low-risk prostate cancer patients did not show any DFS benefit. There is no consistent evidence that adjuvant hormone therapy provides benefit in such a good prognosis subgroup, so including those patients in long-term blockade trials may not be recommended ([@B3]). Most other trials have included both intermediate- and high-risk cancer patients, so it is not yet possible to establish a difference in the recommended treatment strategy between these groups. Data on subgroups of the two largest trials evaluated in this systematic review (RTOG 92-02 and EORTC 22961) has not been published, leading to a reduction in the power of this analysis. The pooled data from the Irish and Canadian trials may not be enough to establish if intermediate-risk patients benefit from treatment as much as high-risk ones do. No prospective randomized trial has addressed the specific question of whether hormone deprivation therapy duration could be reduced in the intermediate-risk group. However, there is some evidence from subgroup analysis and retrospective studies that extending androgen blockade bears a greater benefit for high-risk patients than for the intermediate-risk ones.

Androgen deprivation is associated with important AEs like loss of bone density, erectile dysfunction, and hot flushes ([@B14], [@B27]). However, such AEs are usually manageable and almost never fatal. Hormonal therapy has been associated with increased cardiovascular risks in observational studies, including an increased risk of obesity, diabetes, myocardial infarction, and cardiac sudden death ([@B15]). However, it has not been demonstrated that hormone deprivation significan-tly increases mortality from cardiac causes, with reports from several trials demonstrating no difference in risk of cardiovascular death ([@B8], [@B28], [@B29]). In this systematic review we didn\'t find any evidence suggesting an increase in cardiovascular risk for patients treated with long-term adjuvant hormone deprivation.

CONCLUSIONS
===========

Given the OS benefit and generally favorable toxicity profile, extended duration adjuvant hormone blockade may be recommended after radiation therapy for intermediate- and high-risk non-metastatic prostate cancer. However, it is important to note that the evidence is based on trials using older radiation techniques. There is a need of new studies, with non-inferiority design, evaluating different durations of androgen deprivation in patients with intermediate- and high-risk non-metastatic prostate cancer receiving modern radiation therapy.
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